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Grain-Size Data from Four Cores from Walker Lake/ Nevada

James C. Yount and Mary F. Quimby

Abstract

Grain size distributions were determined by photo-extinction 
methods for a total of 659 sediment samples taken from 4 cores 
retrieved from Walker Lake/ Nevada. The sediments have textures 
ranging from very fine sand to clay with the average grain 
diameter for each core falling within silt sizes of 5.7 to 7.4 
phi. The sediments exhibit better sorting with increasing mean 
grain diameter throughout the size range of 3.8 to 9 phi. The 
sediments also are positively skewed/ reflecting the dominance of 
silt- and clay-sized material in the grain-size distribution.

The large number of samples to be analyzed in this study 
made the use of the photo-extinction method necessary because it 
is a relatively rapid way to determine grain size when compared 
to the traditional pipette method. A comparison of the photo- 
extinction method used (hydrophotometer) with the pipette method 
shows no significant difference between the two techniques in the 
determination of Folk and Ward (1957) graphic mean or first 
moment mean diameter. The photo-extinction method yielded 
significantly higher values for the ratio of silt to clay (ratio 
~1.3 units higher) than did pipetting/ and statistics for 
skewness, kurtosis/ and third moment also were significantly 
different for the two techniques.

Walker Lake Cores 84-8 and 85-2 both exhibit downward fining 
and decreases in their silt to clay ratios in the upper 12 m/ 
perhaps reflecting the episode of receding lake levels that 
culminated in the present lowstand of Walker Lake. Radiocarbon 
dates of 4/730 ± 230 ybp and 4/710 ± 300 ybp from sediments near 
the base of Core 84-8 suggest that this lake level lowering is a 
mid to late Holocene phenomenon. Sediment in Core 85-2/ 
deposited near the lake shore/ is coarser than that in Cores 84- 
4/ 84-5/ and 84-8, located near the center of the lake. Core 85- 
2 also displays better sorting in some fine sand units thus 
reflecting higher energy processes in the nearshore environment 
than in the lake center.



Introduction

A number of cores/ taken from within and near Walker Lake/ 
Nevada (figure I)/ are being studied by various investigators in 
order to evaluate the late-Pleistocene paleoclimate of the west- 
central Great Basin (Benson/ 1987). In particular, the cores 
provide records that can be interpreted in terms of past climate 
and compared to proposed numerical models of the region's 
climate. All of these studies are being carried out as part of 
an.evaluation of the regional paleoclimatic setting of a proposed 
high-level nuclear waste storage facility at Yucca Mountain/ 
Nevada. Changes in past climate often manifest themselves in 
changes in sedimentary processes or in changes in the volume of 
sediment transported by those processes. One fundamental 
sediment property that can be related to depositional processes 
is grain size. Grain size affects other physical properties of 
sediment such as porosity and permeability which/ in turn/ affect 
the movement and chemistry of fluids. These properties are 
important factors in paleoclimatic studies that examine pore 
water composition/ nature and concentration of organic matter/ 
and sediment mass accumulation rates.

The purposes of this report are: (1) to document procedures 
of sample preparation and analysis/ and (2) to summarize grain- 
size statistics for 659 samples from Walker Lake cores 84-4/ 84- 
5/ 84-8 and 85-2 (figure 2). In addition/ plots of mean particle 
diameter/ percent sand/ and the ratio of silt to clay are 
illustrated for various depth intervals within each core. 
Summary plots of mean grain size/ sorting/ and skewness 
parameters allow comparison of textural data between each core.

Because of the large number of samples processed/ a photo- 
extinction method (Simmons/ 1959) utilizing a hydrophotometer 
was used rather than following conventional pipette techniques. 
The hydrophotometer is an instrument that records increasing 
intensity from a light beam passing through a column of sediment 
that is undergoing gravitational settling in water. A comparison 
between the hydrophotometer and pipette techniques is presented 
for a subset of Walker Lake samples/ and an evaluation of the 
precision of the hydrophotometer used for this study is 
presented.
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Core Collection

Benson (1987) summarized the history of coring operations in 
Walker Lake and the following details concerning the cores from 
which grain-size data has been obtained are taken from his 
report. The total lengths of Walker Lake Cores 84-4/ 84-5/ 84-8 / 
and 85-2 are 148m/ 147m/ 11.8m/ and 22.7m/ respectively. Cores 
84-4 and 84-5 were collected during the summer of 1984 by a 
barge-mounted wireline drilling rig. Core 84-4 was 3 inches in 
diameter; Core 84-5 was a 2-inch core. Significant fluidization 
and core disturbance were noted in Core 84-4/ particularly in the 
following intervals measured from the top of the core: 19.8 to 
20.2m/ 21.3 to 22.3m/ 37.5 to 37.6m/ 42.7 to 43.3m/ 45.7 to 
46.4m/ and 52.3 to 53.0m. Fluidization was rare in Core 84-5. 
Core 84-5 is located 7m south of Core 84-4 and was collected in 
order to fill in missing stratigraphic intervals lost during the 
recovery of Core 84-4.

Core 84-8 is a Livings-tone piston core collected by J.P. 
Bradbury of the U.S. Geological Survey and Roger Anderson of the 
University of New Mexico/ from the same barge as Cores 84-4 and
84-5. The coring tubes were manually driven into the sediment 
and retrieved by hand winch. Bradbury (1987) summarizes details 
of core collection and sampling.

An onshore wireline drilling rig was used to collect Core
85-2 during December of 1985. Artesian conditions were 
encountered at 23m and drilling was suspended. Approximately 
two-thirds of the 23m cored interval was recovered (Benson/ 1987/ 
figure 6)/ but the upper 3m was disturbed and may not retain 
stratigraphic coherence (L. Benson/ written comm./ 1988).



Laboratory Procedures

Moist to slightly dry/ 1 to 2 gram samples were taken from 
various depths in all four cores. Preparation of samples for 
grain-size analysis followed standard procedures as described by 
Galehouse (1971). Specific details of sample preparation are 
summarized as follows: 1) sediment was treated with a 30% 
solution of hydrogen peroxide overnight to oxidize organic 
matter; 2) sediment was dispersed in approximately 200 
milliliters of deionized water/ boiled gently for 2 to 4 hours/ 
rinsed in deionized water/ and centrifuged; 3) sediment 
concentrate was wet-sieved with a 63 micron sieve and the sand 
fraction was dried/ weighed/ and bottled; 4) the less-than-63 
micron fraction was dispersed in a 10% solution of sodium 
hexametaphosphate and the volume of the dispersed sample was 
brought to 1000 milliliters by adding deionized water; 5) the 
dispersed sample was stirred and two 20 milliliter aliquots were 
withdrawn; 6) the first aliquot was dried and weighed to give an 
estimate of total mud (silt + clay) content; 7) the second 
aliquot was introduced into the hydrophotometer for analysis of 
the grain size distribution of the less-than-63 micron fraction.

The hydrophotometer measures changes in water clarity 
(transmissivity) with time by continuously recording the 
intensity of a light source as it passes through a column of 
dispersed sediment undergoing gravitational settling. The 
resulting photoextinction record was converted to weight percents 
following the method described by Simmons (1959). The 
hydrophotometer employed in this study (Cimax Model TSS 8005-H) 1 
produces a paper tape record of light transmission values and the 
calculated percent of material in each pre-selected size class. 
The samples were sized at 1/4 phi intervals in the size range 4 
to 9 phi. Percentage of material smaller than 9 phi in size was 
determined by subtracting the cumulative 4 to 9 phi fraction from 
the total sample weight.

Use of tradenarnes in this report is for descriptive purposes 
only and does not imply endorsement by the U. S. Geological 
Survey,



Raw size class values were entered into a VAX 1 computer to 
derive standard grain-size statistics (table 1). The following 
grain-size listings were then stored using Lotus 123 1 spreadsheet 
software onto IBM PC 1 compatible floppy disks: percent sand, 
silt, and clay; silt to clay ratio; Folk and Ward graphical mean, 
median, sorting, skewness, and kurtosis; moment mean, variance/ 
and standard deviation; 3rd and 4th moments; size class(es) 
containing three most prominent sediment modes as determined 
visually from plotted grain-size distributions.

Hydrophotometer Replication, and Comparison 
to Pipette Techniques

Tables 2 and 3 list results of ten duplicate hydrophotometer 
runs and compare nine samples analyzed with both the 
hydrophotometer and using conventional pipette methods. Pipette 
methods are those outlined by Folk (1968) and Galehouse (1971). 
The data are presented as paired measures of silt/clay ratio, the 
Folk and Ward (1957) graphical parameters, and the moment 
measures. Differences in each sample pair are calculated for 
each grain-size parameter, and the means (X^ff) and standard 
deviations (SD^ff) of those differences are determined. The t- 
test is used to test the hypothesis that the differences in means 
of the paired measurements is zero (Dixon and Massey, 1969, p. 
95-100). Starred values of t in tables 2 and 3 indicate that the 
mean of the sample-pair differences for that particular grain- 
size parameter deviates significantly from zero at the 0.05 
probability level.

For replicate hydrophotometer runs (table 2), Folk and Ward 
skewness and the second moment measure (standard deviation) fail 
the t-test at the 0.05 level. Graphic parameters, such as the 
Folk and Ward parameters, do not utilize data from the finest (or 
coarsest) 5% of the grain-size distribution. Samples containing 
large quantities of fine material may give erratic values of Folk 
and Ward skewness and kurtosis, particularly if the grain-size 
distribution deviates significantly from normal (Swan and others, 
1978). The samples being compared here are poorly (So = 1.194) 
to very poorly (So = 2.366) sorted (Folk, 1968) and fine-skewed 
(Sk = 0.184) to strongly fine-skewed (Sk = 0.510) (Folk, 1968). 
Irreproducibility of a graphical parameter, such as skewness, is 
expected for sediment of this type, no matter what grain-size 
measurement technique is employed, because the graphical 
parameters do not utilize data from the finest 5% of the grain- 
size distribution.

Use of tradenarnes in this report is for descriptive? purposes 
only and does not imply endorsement by the U. S. Geological 
Survey.



Moment measures/ especially the third (skewness) and fourth 
(kurtosis) moments yield more reliable results than do graphical 
parameters for synthetic grain-size distributions (Swan and 
others/ 1979). However, Folk (1966), in evaluating differences 
between graphical parameters and moment measures as applied to a 
sand with a normal distribution, concluded that the moment 
measures gave inaccurate results. As pointed out by Swan and 
others (1979), Folk was unable to evaluate the performance of 
moment measures versus graphical parameters for samples with non- 
normal distributions. Our inability to reproduce the second 
moment (sorting) on the hydrophotometer was most likely due to 
non-normality of the sediment distributions that we were testing.

Comparison of hydrophotometer and pipette results (table 3) 
shows four measures (silt/clay ratio, Folk and Ward skewness and 
kurtosis, and the third moment measure) that fail the t-test at 
the 0.05 probability level. The same problems discussed 
previously for non-normal sediment distributions and the 
resulting grain-size statistics apply here to Folk and Ward 
skewness and kurtosis parameters and to the third moment measure. 
Namely, the graphical parameters ignore the effects of 
significant material in the tails of the grain-size distribution, 
and the higher moment statistics magnify small differences 
between samples because they are derived as powers of the lower 
moments. The silt/clay ratio is consistently higher when 
determined by hydrophotometer as compared with pipette results 
(table 3), with a mean difference of ~1.3 between the two 
techniques. The irreproducibility of the silt/clay ratio is most 
likely due to the mean grain-size diameter of the tested samples 
being so close to the silt-clay size boundary (9 phi). A small 
shift in the amount of material falling on either side of the 
silt-clay boundary results in large changes in the ratios of silt 
to clay.

These results are similar to some of the findings of 
Torresan (1987) who performed a detailed review of 
hydrophotometer and pipette methods as applied to fine-grained 
sediments. Numerous replicates of the same sample were analyzed 
by both methods in Torresan's study and comparisons of individual 
size classes (1/2 phi intervals) showed systematic differences 
between the two methods. Sediment is coarser by an average of 
0.8 phi units (Torresan/ 1987, p. 12 and table 4) when measured 
with the hydrophotometer as compared with pipetting. In 
addition, the size distributions determined by hydrophotometer 
contain more silt at the expense of clay than do the 
distributions determined by pipette. Considering the general 
acceptance of pipette methods for the determination of grain-size 
distributions in fine-grained sediments (Blatt and others, 1980) 
it is best to follow Torresan's advice and view the 
hydrophotometer results as general quick indicators of grain-size 
trends, but to be cautious in the use of the data where 
unequivocal grain diameter measures are required.



Results

Appendices A through D present class percent, modal sizes, 
graphic statistics, and moment statistics, as well as plots of 
downcore variations of percent sand, silt to clay ratio, Folk and 
Ward median diameter, and first moment mean diameter for Cores 
84-4, 84-5, 84-8 and 85-2. In general, Cores 84-4, 84-5, and 84- 
8 are composed of fine-grained silt. The cores have similar 
grain-size distributions, with mean grain diameters of 7.35 phi, 
7.43 phi, and 7.44 phi respectively (figure 3 A, B, and C). Core 
85-2 is composed of coarse- to medium-grained silt (mean diameter 
= 5.72 phi) that is distinctly bimodal with peaks in the size 
distribution near 4.5 phi and 6.5 phi (figure 3 D). This coarser 
size is consistent with Core 85-2's lake margin location, 
reflecting higher energy processes and smaller contributions from 
suspended loads than are present near the lake center.

The sediment from all cores exhibits better sorting in the 
coarser sizes (figure 4), with some very fine sand samples (~4 
phi) in Core 85-2 being very well-sorted (figure 4 D). Again, 
this could reflect processes acting in a nearshore environment. 
All cores show moderate positive skewness (figure 5), as defined 
by Folk (1968), indicating an abundance of material in the fine 
tail of the size distribution. High concentrations of clay in 
the sediment result from a lack of winnowing, a condition that is 
common in the lacustrine environment (Blatt and others, 1980, p. 
73) .

Both Cores 84-8 and 85-2 show patterns of decreasing grain 
size and decreasing silt to clay ratios with depth in their upper 
12 meters (figures 6 and 7). Sand content fluctuates a great 
deal in Core 85-2, but a general decreasing trend with depth is 
apparent in the upper 12 meters of the core (figure 8). These 
trends may indicate deeper water conditions in the past with a 
gradual lowering in lake level during the time in which the last 
12 meters of sediment accumulated. Radiocarbon ages of 4,730 ± 
230 years for the organic fraction of sediment and 4,710 ± 230 
years for the inorganic fraction have been obtained from the 
depth interval 10.9 to 11.15 meters in Core 84-8 (Benson, 1987, 
table 2). Therefore, it would seem that the recession of Walker 
Lake reflected by grain-size trends in Core 84-8 was a mid to 
late Holocene phenomenon. Although direct lithostratigraphic 
continuity has not been established between cores 84-8 and 85-2, 
the observed coarsening upward in the top 12 meters of Core 85-2 
could also reflect recent lake level lowering and accompanying 
shoreline regression at that site.
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Figure Captions

FIGURE 1. Walker Lake and the Walker River Drainage 
Basin (modified from Benson, 1987, 
fig 2.)

2. Locations of cores studied (modified from 
Benson, 1987 / fig. 3)

3. Histograms of first moment (mean diameter)
for all samples within a core 

A. Walker Lake Core 84-4 
B. Walker Lake Core 84-5 
C. Walker Lake Core 84-8 
D. Walker Lake Core 85-2

4. Plots of first moment (mean diameter) 
versus second moment (variance) 
for all samples within a core

A. Walker Lake Core 84-4
B. Walker Lake Core 84-5
C. Walker Lake Core 84-8
D. Walker Lake Core 85-2

5. Plots of third moment (skewness)
versus second moment (variance) 
for all samples within a core

A. Walker Lake Core 84-4
B. Walker Lake Core 84-5
C. Walker Lake Core 84-8
D. Walker Lake Core 85-2

6. Downcore variation in first moment (mean 
diameter) in Walker Lake Cores 
85-2 and 84-8

7. Downcore variation in the ratio of
silt to clay in Walker Lake Cores 
85-2 and 84-8

8. Downcore variation in percent sand 
content in Walker Lake Cores 
85-2 and 84-8
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TABLE 1

Grain-size Statistics Derived From 
Size Class Values

II

Size Class Ratios

% Sand Sand/Silt
% Silt Silt/Clay
% Clay Sand/Clay
% Mud (Silt * Clay) Sand/Mud

Graphical Statistics 

Folk and Ward Inman

III

IV. 

the

Median
Mean
Sorting
Skewness
Kurtosis

Median
Mean
Sorting
Skewness ( 16/84) ̂

o
Skewness (5/95) 
Kurtosis

Trask

Median
Mean
Sorting
Skewness
Kurtosis

Moment Measures4

1st, 2nd, 3rd, and 4th

Size classes containing the most prominent modes in multi- 
modal samples, determined visually from inspection of 

grain-size distribution plots

1 See Folk and Ward, 1957, Inman, 1952, and Trask, 1932, for 
derivations and definitions of graphical statistics. Although 
not presented in this report, the Inman and Trask statistics were 
derived for all samples. This data is available from the first 
author, if desired.

on 16th and 84th percentiles

Q

°Based on 5th and 95th percentiles

4See Blatt and others, 1980, and Friedman and Sanders, 1978, for 
descriptions of the moment measures of the grain-size 
distribution.
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Walker Lake Core 84-5 (0-50m)
Graphic Mean +/- Sorting Coefficient
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a
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fi M

5 -

4 -

Walker Lake Core 85-2 (0-5m)
Graphic Mean +/  Sorting Coefficient

minus sorting

1
2

Core Depth (m) 
+ Graphic Mean plus sorting
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Walker Lake Core 85-2 (0-5m)
Moment Mean +/  One Standard Deviation

D minus 1 S.D.
Core Depth (m) 
Moment Mean O plus 1 S.D.
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Walker Lake Core 85-2 (5-10m)
Graphic Mean +/- Sorting Coef fie tent

minus sorting
Core Depth (m) 

Graphic Mean plus sorting
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Moment Mean +/- One Standard Deviation

D minus 1 S.D.
Core Depth (m) 

+ Moment Mean O plus 1 S.D.
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Walker Lake Core 85-2 (10-15m)
Graphic Mean +/  Sorting Coefficient
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Core Depth (m) 
+ Graphic Mean plus Sorting

Walker Lake Core 85-2 (10-15m)
Moment Mean +/- One Standard Deviation

Core Depth (m) 
Moment Mean
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minus Sorting

Walker Lake Core 85-2 (15-20m)
Graphic Mean +/- Sorting Coefficient

17

Core Depth (m) 
Graphic Mean
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plus Sorting
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Walker Lake Core 85-2 (15-20m)
Moment Mean +/- One Standard Deviation
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minus 1 S.D.
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Moment Mean
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O plus 1 S.D.
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20

minus Sorting

Walker Lake Core 85-2 (20-25m)
Graphic Mean +/- Sorting Coefficient

Core Depth (m) 
Graphic Mean plus Sorting

Walker Lake Core 85-2 (20-25m)
Moment Mean +/- One Standard Deviation

Core Depth (m) 
Moment Mean plue 1 S.D.


